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The morphologic changes in atherosclerotic coronary arteries and 
saphenous vein bypass grafts after placement of a balloon-
expandable flexible coil stent (Cook) are described. In each case, 
the vessels were patent despite morphologic evidence of injury and 
dissection in the vessel wall. The stented region was reendothelial-
ized and the tissue overlying the stent wires consisted primarily of 
smooth muscle cells. There was minimal inflammatory reaction to 
the stent wires. 
Intracoronary stent devices are now being investigated 
widely for the treatment of acute closure and restenosis in 
patients undergoing percutaneous transluminal coronary an-
gioplasty for coronary artery disease. Despite the angio-
graphic success rate of coronary angioplasty, acute vessel 
closure (seen in 3% to 5% of patients) and re stenosis (seen in 
25% to 40% of patients) continue to affect the clinical utility 
ofthis procedure (1,2). The pathophysiology of acute closure 
after angioplasty is a complex process that includes intimal 
arterial wall dissection, intramural plaque hemorrhage, 
thrombus formation, elastic recoil of the vessel and vascular 
spasm (3-7). Endovascular implants have been designed to 
reverse the untoward effects of angioplasty by acting as a 
scaffold to "tack-up" the intimal dissections, mechanically 
prevent elastic recoil and vascular spasm and possibly limit 
thrombus formation by increasing vessel blood flow (3-6,8-
10). Clinical studies (11-15) have demonstrated that intra-
vascular stents do improve stenosis geometry after angio-
plasty and have suggested that intracoronary stents may be 
effective in maintaining long-term vessel patency. Numerous 
experimental animal studies (14,16-19) have examined the 
short- and long-term morphologic effects of intravascular 
stents in coronary arteries; however, few studies (1,20) have 
evaluated these effects in human atherosclerotic vessels. 
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These findings suggest that the balloon-expandable flexible coil 
stent can effectively maintain vessel patency even in the setting of 
postangioplasty lumen disruption. In addition, the vessels tolerate 
the metal prosthesis with little evidence of tissue inflammatory 
reaction. 
(JAm Coli Cardiol1992;19:372-81) 
Because of the relatively few patients who have under-
gone coronary stenting and the high success rate of this 
procedure, few pathologic specimens are available for eval-
uation. With the increasing use of intracoronary prosthetic 
devices, it is important that the vascular tissue reaction to 
these materials be evaluated in humans. We describe the 
morphologic characteristics of human coronary arteries and 
saphenous vein bypass grafts after placement of a balloon-
expandable flexible coil stent (Cook) in four patients. 
Methods 
Study patients. A balloon-expandable flexible coil stent 
was placed in coronary arteries and saphenous vein bypass 
grafts in 179 patients from October 1989 through June 1991 at 
the University of Alabama at Birmingham. The procedures 
used and the clinical follow-up data of these patients have 
been described (16). From this group of patients, four 
specimens were available for morphologic examination. One 
patient died 18 h after an intracoronary stent was placed in 
the left main coronary artery and a second patient died 21 
days after a stent was placed in the left anterior descending 
coronary artery. Autopsy was performed and tissues from 
these patients were available for examination. Saphenous 
vein bypass grafts from two patients who received a stent 19 
and 24 weeks previously, respectively, became available for 
morphologic examination when repeat bypass surgery was 
performed. 
Morphologic techniques. Tissue samples from these au-
topsy and biopsy specimens were fixed in 10% neutral 
buffered formalin. Vessels containing a stent were carefully 
dissected after fixation with use of a scalpel blade. The soft 
tissue was carefully cut and the stent wires were transected 
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with fine wire cutters. The stent wires were then removed 
from the tissue specimen with fine forceps to minimize 
distortion of the neointima and vessel wall. Cross sections 
and longitudinal sections of the vessels were paraffin-
embedded and 5-pm sections were stained with hematoxylin 
and eosin. Serial sections were also stained with aldehyde 
fuchsin Gomori' s trichrome stain. Selected paraffin-
embedded tissue sections were evaluated by immunohisto-
chemistry, using the peroxidase-antiperoxidase technique as 
previously described (21,22). Antibodies to smooth muscle 
(alpha-actin, desmin, vimentin and factor VIII) were ob-
tained from Dako. Selected formalin-fixed tissue specimens 
were transferred to 2% glutaraldehyde for 24 h and were then 
postfixed in buffered osmium tetroxide for 4 h, dehydrated 
and sputter-coated with gold for scanning electron micros-
copy. Samples were examined with a Philips 515 scanning 
electron microscope. 
Results 
Autopsy Results 
Case 1. The first patient was an 80-year old woman with 
a long history of coronary artery disease and recurrent 
angina. She underwent saphenous vein-coronary artery by-
pass grafting 10 months before her last hospital admission. 
At her final admission, cardiac catheterization revealed 
occlusion of the bypass graft to the left anterior descending 
coronary artery and 95% stenosis of the ostium of the left 
main coronary artery. Angioplasty of the ostial lesion was 
performed, but the patient's condition deteriorated and she 
was returned to the coronary care unit receiving circulating 
assistance provided by an aortic balloon pump. Her condi-
tion continued to deteriorate and the next day a 20-mm long, 
3.5-mm diameter stent was placed in the left main coronary 
artery. Despite this procedure, there was residual ostial 
stenosis, and the patient died 12 h after stent placement. 
At autopsy, the aortic root contained extensive athero-
sclerosis with ulcerated plaques. These atherosclerotic le-
sions involved the ostia of the coronary arteries and the 
saphenous vein graft. The aorta surrounding the ostium of 
the left main coronary artery contained large atherosclerotic 
plaques that formed the ostial occlusion. Just distal to the 
ostium, the stented segment of the left main coronary artery 
was patent. There was histologic evidence of compression 
and dissection of the vessel wall in the proximal stented 
region of the left main coronary artery, but the vessel lumen 
was widely patent with no evidence of thrombus. There was 
significant coronary artery disease in the remainder of the 
coronary circulation and evidence of early myocardial in-
farction, with areas of contraction band formation in the 
anterior wall of the left ventricle. 
Case 2. The second patient was a 71-year old man 
admitted for elective cardiac catheterization because of 
accelerating angina. Catheterization demonstrated 80% ste-
nosis of the left anterior descending coronary artery (Fig. 
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lA), diffuse distalleft circumflex disease, 90% stenosis of the 
second marginal branch and a dominant right coronary 
artery with diffuse lumen irregularities. Left ventricular 
function was normal. The patient later returned to the 
catheterization laboratory for coronary angioplasty, at 
which time a 20-mm long, 3-mm diameter ACS Pinkerton 
balloon was used to dilate the left anterior descending 
coronary artery lesion (Fig. lB). Five minutes after the final 
balloon inflation, there was a significant reduction in the 
angioplasty gain, with sluggish flow and threatened vessel 
closure. Chest pain with electrocardiographic (ECG) 
changes and mild hypotension (systolic pressure 90 mm Hg) 
developed. Intracoronary nitroglycerin was given, but no 
angiographic change was noted. A 20-mm long, 3-mm diam-
eter balloon-expandable flexible coil stent was inserted with 
a single inflation of 6 atm for 60 s (Fig. lC). Angiographic 
results were good ( < 10% residual stenosis) (Fig. lD), the 
patient's blood pressure increased and the chest pain and 
ECG changes resolved. He received a total of 20,000 U of 
heparin. 
One hour after stent placement, the chest pain recurred 
and the patient became hypotensive. He was immediately 
returned to the catheterization laboratory where an intraaor-
tic balloon pump was placed and the patient required inser-
tion of an endotracheal tube, after which aspiration oc-
curred. A repeat angiogram demonstrated that the stented 
vessel was widely patent. The sudden onset of angina after 
stent placement was thought to be caused by vascular spasm 
in a segment of artery adjacent to the stented region, but this 
possibility could not be documented angiographically. The 
condition of the patient was stabilized and gradually im-
proved over the course of the next week, with removal of the 
intraaortic balloon pump and discontinuation of pressor 
support. The normal poststenting regimen of aspirin, dipyr-
idamole, a calcium channel blocking agent and warfarin 
(Coumadin) was administered. The patient developed bilat-
eral pneumonia, probably secondary to aspiration, became 
febrile and received aggressive antibiotic coverage. His 
condition gradually declined and approximately 2 weeks 
after stent placement, he developed ECG changes consistent 
with lateral wall infarction. His condition continued to 
deteriorate and he died 3 weeks after stent placement. 
The autopsy was limited to the heart and lungs. The heart 
was extirpated, the aorta cannulated and the heart perfused 
with saline solution followed by 10% neutral buffered forma-
lin. Pathologic evaluation of the lungs revealed bilateral 
pleural effusions, bilateral bronchopneumonia with positive 
cultures of Staphylococcus aureus and Enterobacter organ-
isms and multiple abscesses in the right upper lobe. The 
heart was moderately enlarged (450 g). Evaluation of the 
coronary arteries revealed stenoses consistent with the 
catheterization findings. The second marginal artery was 
completely occluded by thrombotic material. Histologically, 
this marginal artery had multiple small vascular channels, 
consistent with the morphology of a recanalized thrombus. 
Within this region of recanalized thrombus, there was a new 
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acute thrombotic occlusion. Distal to this artery, there was a 
large lateral wall infarct, which by histologic criteria was 
approximately 5 to 7 days old. 
The left anterior descending coronary artery was isolated 
and the region containing the intracoronary stent identified 
(Fig. 2A). The vessel was widely patent and contained no 
thrombotic material. Sections of the left anterior descending 
coronary artery proximal to the stented region that had 
undergone balloon angioplasty demonstrated an intimal tear 
and a dissection flap (Fig. 2B). The proximal portion of the 
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Figure 1. Case 2. Angiograms of the left 
anterior descending coronary artery. A, 
Before angioplasty. The arrow denotes the 
lesion. B, Balloon dilation with an ACS 
Pinkerton balloon. The arrow denotes the 
lesion. C, Placement of balloon-expand-
able flexible coil stent. Arrowheads mark 
the proximal and distal extent of the stent. 
D, After stenting. The arrow denotes the 
lesion and arrowheads mark the proximal 
and distal extent of the stent. 
stented artery was sectioned transversely and the region of 
the stented segment containing the diagonal artery was 
sectioned longitudinally. On opening the vessel, no throm-
botic material was present in the lumen. The stent wires 
could be visualized through a thin neointimal covering (Fig. 
3). Scanning electron microscopy of this region demon-
strated a thin neointimal covering over the stent wires (Fig. 
4). The disruption of this neointima was due to postmortem 
autolysis and processing artifact. The stent wires were 
embedded in the wall of the artery and the neointima 
Figure 2. Case 2. A, Photograph of the 
anterior surface of the heart at autopsy. 
The epicardial fat has been dissected away 
to expose the coronary arteries. Arrows 
point to the proximal and distal extent of 
the stent in the left anterior descending 
coronary artery. B, Photomicrograph of a 
cross section of this artery proximal to the 
stent, within the region that underwent 
balloon angioplasty. There is an intimal 
dissection (arrows) with a dissection flap 
(F). Trichrome stain x20, reduced by 
30%. 
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Figure 3. Case 2. Photographs of the 
lumen surface of the stented region of 
the left anterior descending coronary ar-
tery. A, The stent wires were cut with 
fine wire cutters and the cut ends of the 
wires can be seen embedded in the ves-
sel wall (arrows). B, Higher power pho-
tograph demonstrating the smooth 
neointima covering the stent wire. The 
curved end of the stent wire tore through 
the neointima during postmortem dissec-
tion of the specimen. 
covered by endothelial cells (Fig. 4, C and D). The endothe-
lial cells were slightly rounded and raised, but the endothe-
lial covering was complete on all sections examined. 
Photomicrographs of histologic cross sections of the 
stented left anterior descending coronary artery just distal to 
the diagonal artery are shown in Figure 5. The low power 
photomicrograph (Fig. SA) shows the hole left by the stent 
and the thin neointimal covering, which ranged from 30 to 
50 p.m in thickness. This photograph demonstrates how the 
stent wire acted as a scaffold, holding the intimal flap against 
the wall of the vessel. Note that the vessel is widely patent 
and no thrombotic material is present within the lumen. 
Figure 5B is a higher power photomicrograph demonstrating 
the dissection flap and the dissection plane, which is now 
Figure 4. Case 2. Scanning electron mi-
crographs of the lumen surface of the 
stented vessel. A, Low power view of the 
opened vessel showing the stent wires (s) 
covered by neointima. The neointima cov-
ering the stent wires has pulled away from 
the vessel wall during processing. Bar = 
500 J.tm. B, A higher power micrograph 
showing the neointima covering the stent 
wire (s). Bar == 250 Mffi. C, The stent (S) 
is embedded into the media (M) of the 
vessel. The neointima is covering the stent 
wire and is covered by endothelial cells 
(E) . Bar = 150 J.tm. D, Endothelial cells 
covering the neointima are slightly 
rounded and raised, but they form a con-
tiguous endothelial covering within the 
vessel lumen of the stented region. Bar = 
25 J.tm. 
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partially healed. Figures 5C and 50 are photomicrographs of 
longitudinal sections of the stented left anterior descending 
coronary artery segment. Again, the dissection plane is 
visible as well as the indentations in the media where the 
stent wires held the dissection flap against the vessel wall. 
The neointimal tissue overlying the stent wire consists of 
spindle-shaped cells with eosinophilic interstitial tissue. 
These formalin-fixed paraffin-embedded slides were immu-
nostained with smooth muscle alpha-actin, desmin, vimentin 
and factor VIII. The spindle-shaped cells in the neointima 
reacted positively with smooth muscle alpha-actin, vimentin 
and desmin antibody. 
This morphology and the immunohistochemical staining 
characteristics are consistent with neointima containing 
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smooth muscle cells that are in the secretory phenotype. The 
cells lining the vessel lumen, including the neointimal area 
overlying the stent wires, reacted with factor VIII, a char-
acteristic of endothelial cells. Serial sections throughout the 
stented region of the left anterior descending coronary artery 
demonstrated evidence of the angioplasty dissection and 
disruption of the media. There was only mild residual 
stenosis that did not exceed 20% to 30%. 
Saphenous Vein Bypass Graft 
Biopsy Specimens 
Case 3. The third patient was a 65-year old man with a 
history of previous saphenous vein coronary artery bypass 
grafting. He subsequently developed unstable angina and 
underwent catheterization at another hospital. Angioplasty 
of the bypass graft to the left anterior descending coronary 
artery was attempted, but residual stenosis remained . The 
patient was transferred to this institution, where angiogra-
phy of the bypass graft demonstrated a 90% ostial lesion of 
the graft, 30% to 40% lesions in the midportion of the graft 
and 95% stenosis of the anastomotic site with the left 
anterior descending coronary artery (Fig. 6A). Angioplasty 
of the distal (anastomotic site) lesion was performed with a 
20-mm long, 2-mm diameter ACS Pinkerton catheter for 
285 sat 10 atm. A 20-mm long, 2.5-mm diameter Pinkerton 
catheter was exchanged, advanced to the distal lesion site 
and inflated to 10 atm for 220 s. 
Stent placement. After these procedures, there was still 
a suboptimal angiographic result and at this point a 20-mm 
long, 2.5-mm diameter balloon-expandable flexible coil stent 
was deployed with use of a 220-s inflation at 7 atm (Fig. 6B 
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Figure 5. Case 2. Photomicrograph of tri-
chrome-stained histologic section from the 
stented region of the left anterior descend-
ing coronary artery. A, The stent wire had 
been carefully removed before processing. 
The thin neointimal covering can be seen 
overlying the area where the stent wire has 
been removed (asterisk). The intimal flap 
(arrow) has been held against the vessel 
wall by the stent. x20, reduced by 30%. B, 
The dissection plane of the intimal flap 
(arrowheads} is clearly visible; however, 
the stent (asterisk) has held the flap against 
the vessel wall and neointimal tissue has 
reattached the flap to the vessel wall (ar-
row). x40, reduced by 30%. C and D, 
Longitudinal sections of the vessel demon-
strate the indentations left by the stent 
wires (asterisks) and the dissection plane 
(arrowheads). The neointima was acciden-
tally removed with the stent wires during 
preparation of the specimen for micros-
copy. x60, reduced by 30%. D, The stent 
wire (asterisk) compressed the media and 
held this tissue against the vessel wall. x80, 
reduced by 30%. 
and C). The proximal aspect of the stent was placed in the 
distal portion of the graft and the stent extended through the 
anastomotic site into the native left anterior descending 
coronary artery. The balloon catheter used to deploy the 
stent was then withdrawn to the ostial lesion (Fig. 7 A) and 
two inflations were performed (8 atm for 60 s; 10 atm for 
60 s). Because the angiographic results demonstrated a 
residual stenosis, a 20-mm long, 3.5-mm diameter balloon-
expandable flexible coil stent was deployed at the ostial 
lesion with use of a 120-s inflation at 7 atm. The balloon 
catheter was deflated and withdrawn slightly and the ostial 
lesion including the stent was dilated again at 8 atm for 111 s 
(Fig. 7B). The angiographic results were deemed to be 
satisfactory with ::530% residual stenosis in the ostial lesion, 
20% to 30% stenosis in the anastomotic lesion and 30% to 
40% stenosis in the midportion of the graft that was not 
dilated. 
After stent placement, the patient did well and was free 
from angina for 19 weeks when chest pain again developed. 
Cardiac catheterization was performed at another institution 
where examination of the bypass graft demonstrated 95% 
stenosis of the lesion at the anastomotic site to the left 
anterior descending coronary artery (Fig. 6D) and 60% 
stenosis of the ostial lesion (Fig. 7C). The patient then 
underwent a repeat saphenous vein coronary artery bypass 
grafting procedure to the diagonal branch and the distalleft 
anterior descending coronary artery. During the operation, 
the original saphenous vein graft to the left anterior descend-
ing coronary artery, which included the stents, was removed 
and saved for pathologic examination. During the surgical 
procedure, the wires from the proximal stent were partially 
removed from the vein graft and accurate orientation of the 
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Figure 6. Case 3. Angiograms demon-
strating the stenoses in the saphenous 
vein graft to the first diagonal branch 
and the distal left anterior descending 
coronary artery. A, Tight stenosis at 
the distal anastomotic site (arrow). B, 
Stent placement after attempted angio-
plasty. Arrowheads denote proximal 
and distal extent of the stent. C, Angio-
graphic results after stenting. D, Reste-
nosis of distal anastomotic site (arrow) 
to the left anterior descending coro-
nary artery 19 weeks after stent place-
ment. 
tissue specimens was difficult. Also, the distal portion of the 
vein graft and the left anterior descending coronary artery 
were opened at operation and the stent wire was removed. 
This portion of the specimen was not saved intact. 
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Pathologic examination. The sections of saphenous vein 
graft submitted for pathologic examination were patent; 
however, the vessel walls were markedly thickened by 
fibrous connective tissue. The portion of the graft that had 
Figure 7. Case 3. Angiograms demonstrat-
ing the ostial lesion in the saphenous vein 
graft to the left anterior descending coro-
nary artery. A, Tight ostial lesion in the 
bypass graft. B, Angiographic results after 
stenting. C, Restenosis of the ostium 19 
weeks after stent placement. 
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Figure 8. Case 3. Scanning electron mi-
crographs of the lumen surface of the 
stented bypass graft. The stent wires 
were removed at operation. A, Low 
power view of the opened graft demon-
strating the indentations in the wall of the 
vessel produced by the stent wires. Bar= 
500 J.tm. 8 and C, Edge of the vein graft 
with indentations left by the stent wires. 
8, Bar= 250 J.tm. C, Bar= 100 J.tm. 
Figure 9. Case 3. A, Photomicrograph of a cross section of saphe-
nous vein graft just distal to the stented proximal portion of the 
graft. The vessel wall is thickened and there is an eccentric 
atheromatous lesion (curved arrow) with a fibrous cap (small ar-
rows). This lesion contains fresh hemorrhage. Hematoxylin-eosin 
stain x 15, reduced by 30%. B, Longitudinal section of stented 
portion of the vein graft just proximal to the segment shown in A. 
The atheromatous lesion (curved arrow) with the fibrous cap can be 
seen. The indentations left by the stent wires (asterisks) are visible 
on the lumen surface of the vessel. One ofthese stent wires (left side 
of figure) compresses the fibrous cap overlying the atheromatous 
lesion. The neointima was artifactually removed over most of this 
specimen during processing of the tissue samples, except in the area 
shown at the far right (arrow). In this region, the hole left by the 
stent wire is visible and the neointima has grown over the wire 
(arrow). Hematoxylin-eosin stain x30, reduced by 30%. 
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contained the distal portion of the stent that was placed in 
the ostial lesion was examined by scanning electron micros-
copy (Fig. 8). Although the stent wires were removed at 
operation, the indentations where the stent wires were 
embedded in the wall of the vessel are still apparent. The 
thickened vessel wall is clearly seen in these specimens. 
Light microscopic evaluation of these specimens demon-
strates the thickened intima and a large eccentric atheroscle-
rotic plaque in the proximal segment of the vein graft (Fig. 
9A). The fibrous cap overlying this atheromatous lesion is 
clearly visible. Just proximal to this section, the vein graft 
was cut longitudinally (Fig. 9B). This section again demon-
strates the marked thickening of the vessel wall. The inden-
tations produced by the stent wires are visible and one of 
these stent wire indentations (left side of Fig. 9B) is corn-
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Figure 10. Case 4. A, Photomicrograph of a 
cross section of the saphenous vein graft in 
this patient showing the holes left after stent 
wire removal (asterisks) and the exuberant 
neointimal tissue (N) overlying the stent. 
x 10, reduced by 30%. B, High power pho-
tomicrograph of the saphenous vein graft 
wall showing the holes left by the stent wires 
(asterisks) and the neointimal covering (N). 
X30, reduced by 30%. L = vessel lumen. 
pressing the fibrous cap overlying the atheromatous lesions 
seen in cross section in Figure 9A. Another stent wire 
indentation (far right of Fig. 9B) still has the neointimal 
covering over the hole left by the stent wire. The neointimal 
covering ranged from 100 to 150 p.m in thickness and was 
composed of fusiform-shaped cells that stained positively 
with smooth muscle alpha-actin antibody, which is charac-
teristic of smooth muscle cells. These smooth muscle cells 
have very little extracellular matrix and have a more mature 
(contractile type) morphology as compared with the secre-
tory phenotype cells seen in the previous case where the 
stent had been implanted for only 3 weeks. There are also 
occasional round cells (lymphocytes and macrophages) 
within the neointima covering the stent wire. The cells are 
diffusely distributed within the neointima and are not asso-
ciated with or concentrated around the stent wire. These 
findings suggest that this inflammatory reaction is a general 
reaction within the vessel wall and is not associated with a 
rejection reaction to the wire. There was no evidence of 
inflammatory reaction associated with the stent wires in 
these specimens. 
Case 4. The fourth patient was a 50-year old man with 
severe coronary artery disease who had saphenous vein 
bypass grafting performed at 40 years of age. Ten years later, 
he developed a non-Q wave myocardial infarction and 
cardiac catheterization revealed occlusion of the bypass 
graft to the right coronary artery and a 90% stenotic lesion in 
the midportion of the bypass graft to the left circumflex 
coronary artery. Successful angioplasty with adjunctive use 
of the excimer laser was subsequently performed. Two 
months later, the patient again experienced angina and 
catheterization demonstrated recurrent graft stenosis. A 
20-mm long, 3-mm diameter balloon-expandable flexible coil 
stent was inserted at the lesion site, leaving a residual 
stenosis of 15% to 20%. Five months later, the patient again 
developed angina and angioplasty was performed inside the 
stent. A 20-mm long, 1.5-mm diameter ACS Alpha angio-
plasty balloon was used to predilate the lesion and a 20-mm 
long, 3.5-mm diameter ACS RX perfusion balloon was 
advanced to the lesion and inflated to 6 atm for 14 min. 
Repeat angiograms demonstrated excellent resolution of the 
stenosis. One month later, angina again developed and at 
ANDERSON ET AL. 379 
VASCULAR PATHOLOGY OF eo· STENTS 
this time, internal mammary artery bypass grafting was 
performed. During the operation, the saphenous vein bypass 
graft containing the stent was retrieved and was available for 
morphologic examination. 
Pathologic examination. The saphenous vein bypass 
graft was markedly thickened and contains extensive neoin-
timal proliferation (Fig. lOA and B). The neointima ranged 
from 250 to 500 p.m in thickness. This neointimal tissue 
clearly obstructed the lumen of the saphenous vein graft. 
The vessel wall contained an area of atheromatous material 
with an overlying fibrous cap (Fig. 11). In Figure 11, the 
indentations produced by the stent wires can be seen with a 
neointimal covering overlying the stents. The stent wires 
compress the fibrous cap overlying the atheromatous lesion. 
The neointima contains spindle-shaped smooth muscle cells 
similar to those seen 19 weeks after stenting in Case 3. The 
neointima also contained some lymphocytic infiltration. 
There was minimal inflammation associated with the stent 
wires in the vessel wall. 
Figure 11. Case 4. Longitudinal section of the saphenous vein graft 
shown in Figure 10. The atheromatous lesion is within the wall of the 
vessel (A) that is covered by a fibrous connective tissue cap (c). The 
hole left by the stent wire (asterisk) indents the fibrous cap and holds 
it against the atheromatous plaque. The neointimal tissue is seen 
overlying the stent and consists of spindle-shaped smooth muscle 
cells with a mild lymphocytic infiltrate. X30, reduced by 30%. L = 
vessel lumen. 
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Discussion 
The balloon-expandable flexible coil stent has been ex-
tensively evaluated in animal models, but the morphologic 
changes in human vessels have not been reported previ-
ously. The cases presented in this report demonstrate that 
the balloon-expandable stent is effective in maintaining 
vessel geometry even in the setting of intimal dissections. In 
these cases, there was no evidence of thrombus formation 
related to the stent wires and in as little time as 3 weeks, the 
stent region had reendothelialized. In addition, there was no 
morphologic evidence of untoward tissue reaction to the 
stent wires in these vessels. 
Reported experience with intracoronary stents. The bal-
loon-expandable flexible coil stent was designed to eliminate 
the problems of elastic recoil after angioplasty and to im-
prove vessel lumen morphologic deterioration due to dissec-
tions and intimal disruption during angioplasty. After bal-
loon expansion, the stent coils are embedded into the surface 
of the vessel lumen, producing a radial scaffolding for the 
lumen. This improvement in postangioplasty vessel geome-
try is intended to help prevent acute closure. Angiographi-
cally visible intimal tears or dissections are seen in approx-
imately 20% of patients after angioplasty (3,6,7). The 
pathophysiology of postangioplasty vascular occlusion is 
multifactorial and includes the disruption of the arterial wall, 
hemorrhage into atheromatous plaques, thrombus forma-
tion, elastic recoil of the vessel wall and vascular spasm 
(3,7). Placement of an endovascular prosthesis immediately 
after angioplasty is intended to prevent these untoward 
events. The intracoronary stent is designed to "tack-up" the 
intimal dissection, mechanically prevent elastic recoil and 
vascular spasm and prevent thrombus formation by increas-
ing blood flow (2,4,5, 14). Angiographic results in patients 
with an intracoronary stent have demonstrated significant 
improvement of vessel geometry and blood flow in the 
stented region (11-14), thus demonstrating the effectiveness 
of this technique in maintaining vessel patency. The intra-
coronary stent was initially used as a bridge to bypass 
surgery in patients with acute vessel closure (14), but more 
recently, the stent has been used as definitive therapy to 
prevent acute closure (1,2,14,16,20). The patients described 
in this report were in this latter group. The clinical proce-
dures and follow-up data for these patients have been 
described previously (16). 
Morphologic changes seen in stented coronary arteries and 
saphenous vein bypass grafts from patients with atheroscle-
rotic coronary artery disease. The four specimens that we 
describe are the only specimens that have become available 
from our series of patients undergoing coronary stenting. A 
previous morphologic study (1) of stents in humans utilized 
stents that are much more rigid and cover more surface area 
than the flexible coil stent. In that study (1), the restenotic 
tissue consisted of proliferating smooth muscle cells that 
grew over the stent wires and was reendothelialized. This 
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morphology is similar to that observed in our four cases. The 
coronary artery that was stented 3 weeks before examination 
demonstrated loose spindle-shaped smooth muscle cells with 
abundant eosinophilic interstitial tissue growing over the 
stent wires luminally. This morphology is consistent with 
smooth muscle cells that have changed to a secretory 
phenotype. In the saphenous vein grafts that had been in 
place for 19 and 24 weeks, respectively, the tissue overlying 
the stent wires consisted of smooth muscle cells with abun-
dant eosinophilic cytoplasm and minimal interstitial tissue. 
The smooth muscle cells that migrated into the intima and 
covered the stent wires would be expected to have a 
secretory phenotype; however, after 19 to 24 weeks, the 
smooth muscle cells have reverted to the contractile pheno-
type. This change to the contractile phenotype has previ-
ously been observed in rabbit carotid arteries subjected to 
balloon injury (23). 
In the two saphenous vein bypass cases reported here, 
severe restenosis occurred in the stented region of the 
vessel. In both cases, the patients had a history of re stenosis 
before stent placement. Although the poststenting angio-
graphic results were deemed to be satisfactory in both cases, 
the progression of exuberant neointimal proliferation was 
not abated. This neointimal tissue growth occurred on the 
luminal aspect of the stent wires and resulted in significant 
stenosis of the affected vessel. Thus, stenting with adequate 
restoration of vessel geometry did not prevent re stenosis in 
these two cases in which restenosis had already been a 
problem. 
Conclusions. This report describes the morphologic 
changes noted in atherosclerotic human vessels after place-
ment of a balloon-expandable flexible coil stent. In these 
cases, the vessels were patent despite morphologic evidence 
of injury and dissection of the vessel wall. The stented region 
was reendothelialized and the tissue overlying the stent 
wires consisted primarily of smooth muscle cells. There was 
minimal inflammatory reaction to the stent wires. Thus, 
these initial findings suggest that a balloon-expandable flex-
ible coil stent can effectively maintain vessel patency even in 
the setting of postangioplasty lumen disruption. In addition, 
the vessels tolerate the metal prosthesis with little evidence 
of tissue inflammatory reaction. 
We thank R. Danny Weaver for providing the excellent scanning electron 
micrographs, Ralph Roseman for skillful production of the illustrations and 
Irene Lynn, Peggy Hubka and Gabette Hayes for secretarial support. 
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